Blubber samples of 2 cetacean species, the Indo-Paci®c hump-backed dolphin (Sousa chinensis) n 11 and ®n-less porpoise (Neophocaena phocaenoides) n 9, collected from Hong Kong coastal waters were analysed for persistent organochlorines. Mean concentration in the blubber of DDTs was ranked ®rst (46 lgag wet wt.), followed by PCBs (24 lgag wet wt.), HCHs (0.76 lgag wet wt.), chlordane compounds (0.38 lgag wet wt.) and HCB (0.07 lgag wet wt.). The present cetacean species may potentially be faced with high risk due to the elevated level of DDTs and PCBs. Relatively high concentrations of PCBs and DDTs can be attributed to the continuous environmental input of these compounds in the Far East region including Hong Kong. Highly chlorinated PCBs such as IUPAC Nos. 138, 153, 180 were the prominent congeners, accounting for 39% of the total PCBs. Mean concentrations of 6 non-and mono-ortho coplanar congeners were 2.1 and 2.8 lgag wet wt. in the hump-backed dolphin and ®nless porpoise, respectively. Among highly toxic coplanar PCBs, mono-ortho congener IUPAC No. 118 and non-ortho congener IUPAC No. 126 were estimated to have the greatest toxicity contribution. Tris(4-chlorophenyl) methane (TCPMe) and tris(4-chlorophenyl) methanol (TCPMeOH), which have been the most recently identi®ed microcontaminants, were also detected with the highest concentration of 290 and 300 ng/g (wet wt. basis), respectively. The concentrations of TCPMe relative to TCPMeOH in cetaceans from Hong Kong coastal waters were signi®cantly higher than those found in various seals collected from other parts of the world, suggesting the dierent metabolic system of these two compounds between seals and cetaceans. Correlations between the concentrations of tris-chlorophenyl compounds with other persistent organochlorines such as HCHs, CHLs, DDTs and PCBs were signi®cant, suggesting their accumulation nature similar to these organochlorines. Ó
Introduction
The Far East region, a rapidly industrialized area in the world, has attracted numerous research interests during the last decade. Particularly, the marine ecosystem in the Far East is under pressure due to expanding industrial activities (Phillips, 1989 ). Hong Kong is one of the target areas in the Far East region with regard to environmental pollution arising from high urbanization and industrialization. Several investigations dealing with contamination by persistent organochlorines (OCs) in Hong Kong demonstrated considerable exposure by populations (Ip and Phillips, 1989 ) and the marine ecosystem (Phillips, 1985 , Phillips, 1989 . Furthermore, a number of studies conducted in our laboratory also indicated notable contamination by polychlorinated biphenyls (PCBs), particularly toxic coplanar PCBs in various environmental compartments such as sediments (Kannan et al., 1989) and mussels from Hong Kong (Tanabe et al., 1987; Kannan et al., 1989) . A recent investigation based on the fugacity model has shown that persistent OCs may pose signi®cant risks to marine ecosystems in Hong Kong (Connell et al., 1998) . These ®ndings lend credence to the serious environmental situation in Hong Kong, which is believed to be a consequence of recent growth in urbanisation and industrialisation. Nevertheless, only few data dealing with OC contamination in higher trophic animals in the Hong Kong coastal area are available so far. The actual exposures of OC in marine mammals, which have been considered as the most vulnerable organisms with regard to long-term toxicity of hazardous man-made chemicals, are still scarce. Studies on the accumulation of OC in marine mammals are therefore necessary to elucidate contamination status and environmental impacts in the Hong Kong coastal waters. The only previous work was the study done by Parsons and Chan (in press ).
In this study, an eort was made to provide a better understanding about OC pollution in Hong Kong coasts by analysing two species of cetaceans, the Indo-Paci®c hump-backed dolphin (Sousa chinensis) and ®nless porpoise (Neophocaena phocaenoides), found stranded along the Hong Kong coasts during 1993±1997. Residue levels and accumulation characteristics of OCs such as DDTs, PCBs, HCHs (hexachlorocyclohexane isomers), HCB (hexachlorobenzene) and CHLs (chlordanes compounds) in these two cetaceans were discussed. Highly toxic coplanar PCBs were also analysed and possible toxicological impacts were assessed. In addition, the residues of two newly identi®ed microcontaminants, such as tris-(4-chlorophenyl)methane (TCPMe) and tris(4-chlorophenyl)methanol (TCPMeOH), were examined in this study. Metabolic capacity of cetaceans to these chemicals was also evaluated.
Materials and Methods
Indo-Paci®c hump-backed dolphin (Sousa chinensis) and ®nless porpoise (Neophocaena phocaenoides) specimens used in the present study were found dead in several locations in Hong Kong from 1993 to 1997 (Fig. 1) . Blubber samples were collected from these cetaceans and stored at À20°C until analysis. This work were conducted as part of a larger study on population biology of dolphins in Hong Kong (see Jeerson, 1998) .
The analytical method for OCs consisting of Soxhlet extraction, clean-up, fractionation and lipid content determination was described elsewhere (Tanabe et al., 1994a) . Brie¯y, about 5 g samples were homogenized with anhydrous Na 2 SO 4 and extracted by Soxhlet apparatus for 8 h with a mixture of diethylether:hexane (3:1) (v/v). Samples were then passed through a drȳ orisil column for removing fat. After eluting OCs from the dry column with a mixture of acetonitrile and water and partitioning in a separatory funnel, hexane extracts were concentrated. For the identi®cation and quanti®cation of TCPMe and TCPMeOH, aliquots of hexane extract after partitioning were not treated with sulfuric acid to avoid decomposition (de Boer et al., 1996) and were directly passed through an 8 g¯orisil-packed glass column for fractionation. The ®rst fraction eluted with hexane contained HCB, PCBs, pY p H -DDE, and trans-nonachlor while the second fraction eluted with 20% dichloromethane in hexane contained chlordane compounds (oxychlordane, trans-chlordane, cis-chlordane, cis-nonachlor), pY p H -DDD, pY p H -DDT, HCHs and TCPMe. The third fraction was collected with 50% dichloromethane in hexane for TCPMeOH separation. Each fraction was concentrated and injected into GC and GC/MS for quanti®cation.
Organochlorines in the ®rst and second fractions (except TCPMe) were quanti®ed by GC±ECD (Hewlett Packard 5890 II Series) equipped with a moving needletype injected port. The GC column employed was DB-1 (J & W Scienti®c Inc., USA) fused silica capillary column (0.25 mm Â 30 m) coated with 100% dimethyl polysiloxane at 0.25 lm ®lm thickness. The column oven temperature was programmed from 60°C to 160°C held for 19 min and then increased to 260°C at a rate of 2°C/ min and held for 30 min. Injector and detector temperatures were set at 260°C and 280°C, respectively. Helium and nitrogen were used as carrier and make up gases, respectively. Organochlorine concentrations were calculated from the peak area of the sample to the corresponding external standard. The PCB standard used for quanti®cation was an equivalent of the Kanechlor mixture (KC-300, KC-400, KC-500, KC-600) with known PCB composition and content. Concentrations Isomer-speci®c analysis of PCBs including coplanar congeners was conducted following the alkaline-alcohol digestion method (Wakimoto et al., 1971; Tanabe et al., 1987) . Quanti®cation was carried out using a GC±MS (Hewlett Packard 5890 II Series in coupled with 5970 mass selective detector). Hewlet Packard 5970 data system was used for quanti®cation, in which cluster ions were monitored at m/z 256, 292, 326, 360, 394 and 430 for tri-, tetra-, penta-, hexa-, hepta-and octa-chlorobiphenyls, respectively.
Recoveries of OC through analytical procedure ranged from 88% to 104% for OC pesticides, 90±110% for TCPMe and TCPMeOH and 89±103% for PCB isomers including toxic coplanar PCBs. Concentrations were not corrected for recovery percentages.
Results and Discussion
Concentrations of OC including TCPMe and TCPMeOH in the blubber of Indo-Paci®c hump-backed dolphins and ®nless porpoises from Hong Kong coastal waters are shown in Table 1 . Residue levels of DDTs (sum of pY p H -DDE, pY p H -DDD, pY p H -DDT) were predominant, followed by PCBs, HCHs, chlordane compounds (CHLs), HCB, TCPMe and TCPMeOH. This pattern is similar to that found in cetaceans from several locations in the North Paci®c. This is explained by their high persistency, less biodegradability and strong anity to lipid-rich tissues, and therefore DDTs and PCBs are retained in the body of animals for a long period of time (Tanabe et al., 1994a,b) . It was also noted that extremely high concentrations of DDT (b100 lgag wet wt.) and PCB (up to 50 lgag wet wt.) were observed in some specimens. It was suggested that total PCBs concentration of b50 lgag (wet wt.) in the blubber may cause a health risk to cetaceans (Wagemann and Muir, 1984) . On this basis, residue levels of PCBs in some cetaceans from Hong Kong may be enough to cause a health risk and aect populations of these animals. Moreover, additional toxic eects on these species may be suggested due to the elevated DDTs concentrations.
The concentrations of DDT were found in males ranging from 31 to 80 lgag and 26 to 160 lgag (wet wt. basis) for hump-backed dolphins and ®nless porpoises, respectively. Generally, there was no signi®cant dierence in the concentrations between the two species. As seen in Table 2 , DDTs concentrations in cetaceans from Hong Kong coastal waters were comparable to those found in the Asian region (Prudente et al., 1997) . Similarly, DDT concentrations were comparable to those reported in harbour porpoises from the Black Sea (Tanabe et al., 1997a), but higher than those reported from the west coast of South Africa (deKock et al., 1994) and the coastal areas of eastern and northern European countries (Law et al., 1997; Granby and Kinze, 1994) . However, DDT levels found in the present study were still lower than some highly polluted areas in the Mediterranean Sea, such as Spanish (Kannan et al., 1993) and Italian coastal waters (Corsolini et al., 1995) .
Among DDT metabolites, pY p H -DDE accounted for the highest composition, 48% in ®nless porpoise and 63% in the hump-backed dolphin (Fig. 2) . Aguilar (1984) suggested a ratio of pY p H -DDE-DDTs of 0.6 in the marine mammals is indicative of fresh input of DDT. The present results suggest the recent input of DDTs in Hong Kong ecosystem (see also Parsons and Chan, in press ). Further, Hong et al. (1995) reported that sediment in Xiamen Harbour contained very high composition of pY p H -DDT (up to 85%). This ®nding supports the recent inputs of DDT in southern China, as has been suggested from our study with marine mammals.
Elevated DDT levels found in Hong Kong cetaceans are related to the DDT utilization in this country until 1989 (Phillips and Tanabe, 1989) . Statistical data on the movement of pesticides to and from Hong Kong, as reported by Ip (1990) , showed a considerable dierence in the quantities of pesticides exported and imported, in which DDT occupied the largest net gain (over 700 metric tons) compared to the others such as HCB (25 metric tons) and lindane (12 metric tons). Although the reported data are more than 5 yr old from the present day, it can be inferred that such a fact could be an explanation for the DDT contamination.
As shown in Table 1 , PCB concentrations ranged between 3.3±50 lgag (wet wt. basis), higher than in the hump-backed dolphin from Bay of Bengal, India (Prudente et al., 1997), harbour porpoise from various coastal waters of the western North Atlantic (Westgate et al., 1997) but lower than the diseased cetaceans from the Mediterranean Sea (Kannan et al., 1993; Corsolini et al., 1995) . The PCB usage in Hong Kong has been reported by Morton (1989) , who noted that over 3300 capacitors are still in use or in storage in Hong Kong. This fact may be a plausible explanation for the elevated levels of PCBs found in cetaceans in Hong Kong waters. Moreover, the presence of PCBs was also found in mussels in various locations in the Hong Kong coastal area at relatively high concentrations (Tanabe et al., 1987) . This fact could also be realistic evidence for PCB contamination. Fig. 3 shows the pattern of PCB isomer composition. As commonly found in cetaceans, hexa-and hepta-chlorobiphenyls occupied a major composition, in which IUPAC 138, 153 and 180 were the dominant congeners, accounting for 39% of the total PCBs. Apparently similar patterns were observed in both species, re¯ecting the similar source of exposure of PCBs. 
TABLE 2
Comparison of organochlorine residue levels (lg/g wet wt.) in male cetaceans from Hong Kong waters with those in cetaceans from dierent locations. Relatively high concentrations of total PCBs found in Hong Kong small cetaceans prompted us to examine the residue levels of toxic coplanar PCBs. The concentrations of non-, mono-and di-ortho congeners in the blubber of male cetaceans are given in Table 3 . Among the toxic mono-and non-ortho coplanar PCBs, concentrations of mono-ortho congeners were about 1±2 orders of magnitude higher than the non-ortho ones. Levels of mono-and non-ortho congeners were higher than in harbour porpoises in the Black Sea (Tanabe et al., 1997b) , but apparently lower than striped dolphins from the western Mediterranean Sea (Kannan et al., 1993) and some odontocetes from Italian coastal waters (Corsolini et al., 1995) . As for highly toxic nonortho congeners, the residue pattern was 4 CB (IUPAC 77)> 5 CB (IUPAC 126)>r 6 CB (IUPAC 169). The concentration of the more biodegradable congener IUPAC 77 remained at the highest concentration. This result may be explained by the high abundance of CB-77 in technical PCB mixtures, about 3±4 orders of magnitude higher than IUPAC 126 and 169, respectively (Kannan et al., 1993) . The 2,3,7,8-TCDD toxic equivalents (TEQs) approach, using toxic equivalent factors (TEFs) reported by Ahlborg et al. (1994) , was adopted for the toxicity assessment of mono-and non-ortho coplanar PCBs in male cetaceans from Hong Kong waters. The mean and ranges of TEQs for 6 coplanar PCBs were given in Table  3 . Generally, mono-ortho congeners contributed larger TEQs than non-ortho PCBs, with IUPAC-118 showing the highest. Similar results were also observed in other marine mammals (Kannan et al., 1989; Corsolini et al., 1995) . However, as shown in Table 3 , non-ortho congeners IUPAC-126 had the highest percentage in humpbacked dolphins, accounting for 41% of the TEQ contribution. Based on these observations, it can be proposed that the mono-ortho congener IUPAC-118 (2,3 H ,4,4 H ,5-pentachlorobiphenyl) and non-ortho congener IUPAC-126 (3Y 3 H Y 4Y 4 H Y 5-pentachlorobiphenyl) may be potentially hazardous toxicants exerting longterm toxic eects on cetaceans from Hong Kong waters.
Species
As for chlordane compounds, the concentrations ranged between 14 and 840 ng/g (wet wt. basis), lower than those found in various Odontoceti species from the North Paci®c and Indian Ocean (Prudente et al., 1997) . Trans-nonachlor is the dominant compound, followed by oxychlordane, cis-chlordane, cis-nonachlor and trans-chlordane (Fig. 3) . This pattern is similar to other previous studies dealing with freshwater and marine mammals (Kannan et al., 1994; Nakata et al., 1995) .
Among HCH isomers, b-HCH was the most predominant isomer, followed by a-HCH, while c-HCH accounted for a relatively small percentage. This is different from the technical HCH mixture with the highest percentage of a-HCH. This fact indicates that cetaceans have the capacity to metabolise a-HCH and also re¯ects the high persistency of b-HCH towards enzymatic degradation. On a global scale, concentrations of HCHs and HCB were apparently lower than those in other countries in the Far East region and the other parts of the world (Table 2 ). This ®nding can be attributed to the evaporation nature of HCHs and HCB, particularly in the tropics (Tanabe et al., 1994b) . Dispersion via atmospheric transport and resultant low residue levels in the water phase may be a reason for less residue levels of HCHs and HCB in Hong Kong cetaceans.
The concentrations of TCPMeOH ranged from 12 to 270 and 7.3 to 300 ng/g (wet wt. basis) in the blubber of hump-backed dolphins and ®nless porpoises, respectively. There was no dierence in TCPMeOH concentrations between the two species. The results of this study, nevertheless, due to the limited number of samples analysed and the lack of biological data of sample batch, could not clearly re¯ect sex and age trends. However, interestingly, the concentrations of TCPMe in the blubber samples (ranged from 4.1 to 290 and 9.5 to 260 ng/g wet wt. in hump-backed dolphins and ®nless porpoises, respectively) were comparable to those of TCPMeOH. So far, data for TCPMe in environmental samples are limited, because its analytical standard was synthesized only recently (de Boer et al., 1996) . As seen in Fig. 4 , the concentration ratios of TCPMeOH to TCPMe in cetaceans were apparently lower than those in seals. Similar to this study, Muir et al. (1996) found comparable concentrations of these two compounds in beluga whales from the St. Lawrence River (Canada). These ®ndings may suggest that the metabolic capacity is dierent between cetaceans and seals for TCPMe and TCPMeOH. Table 4 shows the correlation coecients and slope values of linear regressions between TCPMe/ TCPMeOH and other OC concentrations. Signi®cant correlations were observed with almost all OCs, except HCB, indicating that the bioaccumulative nature of TCPMe and TCPMeOH is similar to other organochlorines, such as PCBs and DDTs. In addition, the slope values of regression lines were not so varied in TCPMe and TCPMeOH, suggesting the similar biochemical and physicochemical nature of these two compounds. A previous investigation (Buser, 1995) suggested that technical DDT preparations might be a possible source of TCPMe and TCPMeOH. Signi®cant correlations of TCPMe and TCPMeOH with DDTs in cetaceans in the present study may support this hypothesis. Table 5 shows the comparison of TCPMe and TCPMeOH in marine mammals from various locations so far reported. In general, concentrations in cetaceans are apparently higher than in seals. The residue levels of TCPMeOH in hump-backed dolphins and ®nless porpoises from Hong Kong waters are apparently higher than those found in Caspian seals, Baikal seals (Watanabe et al., in press), harp seals, whales and harbour seals from the St. Lawrence River, Canada (Jarman et al., 1992) and Puget Sound, USA (Walker et al., 1989) . With regard to other coastal areas in developed European countries, such as southern North Sea, Dutch Wadden Sea (de Boer et al., 1996) , the concentration of TCPMeOH, however, was lower. Relatively high residue levels in Hong Kong are likely to indicate more serious contamination by these compounds in the Far East region. Inferring from such information, it can be suggested that TCPMe and TCPMeOH are widespread contaminants with potential accumulation features. Recent investigations reported that TCPMeOH has phase I and II induction and poses an antiandrogenic eect (Poon et al., 1997; Korner et al., 1997) . Considering these toxic observations, further monitoring studies on TCPMe and TCPMeOH in higher trophic animals are necessary for understanding their ecological risk.
In general, the results of this study agree closely with those reported by Parsons and Chan (in press) for the same species in Hong Kong. The high concentration of OCs in some individuals, not to mention the high incidence of newborns among stranded dolphins and porpoises in Hong Kong over the past few years, both raise serious concerns over the eects of environmental contaminants on the populations involved (Jeerson, 1998; Parsons and Chan, in press ). Unfortunately, we have very little scienti®c information on the actual health eects of such contaminants on wild individuals and Kannan, K., Tanabe, S., Borrell, A. and Tatsukawa, R. (1995) Congener pro®le and toxicity assessment of polychlorinated biphenyls in dolphin, sharks and tuna collected from Italian coastal waters. Marine Environmental Research 40, 33±53. de Kock, A. C., Best, P. B., Cockcroft, V. and Bosma, C. (1994) Persistent organochlorine residues in small cetaceans from the east and west coasts of Southern Africa. Science Total Environment 154, 153±162. de Boer, J., Wester, P. G., Evers, E. H. G. and Brinkman, U. A. T.
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